Introduction
There has been a trend toward fewer surgical incisions in thoracic surgery. It has been widely accepted that minimally invasive surgery is adopted in daily practice for the thoracic surgeon nowadays. Single-incision video-assisted thoracoscopic surgery (VATS) has been proposed as a feasible approach in both diagnostic and therapeutic purposes in cancerous and non-cancerous diseases [1] . For primary spontaneous pneumothorax (PSP), it has been reported that the single-incision VATS can reduce postoperative pain without compromising any of the main surgical steps required for treating patients affected by PSP [2] . However, all the reported single-incision VATS were via the intercostal route for unilateral pulmonary lesions. We describe a novel single-incision VATS via a subxiphoid route for bilateral PSP.
Case report
A 21-year-old man with a known history of recurrent left side PSP (Photo 1 A) was found to have a right side PSP (Photo 1 B). Chest computed-tomography (CT) revealed multiple and grouped subcentimeter blebs with variable size in the apical portion of the right lung (Photo 1 C, arrow). He had not received surgical intervention for his left side recurrent PSP and thus was admitted for surgery due to a contralateral recurrence of PSP. A one-staged bilateral surgical intervention was planned.
With the patient under general anesthesia and double-lumen endotracheal tube intubation, we positioned the patient supine with both arms 90° abducted from the neutral position. A 3-cm midline longitudinal incision was made immediately below the sternocostal triangle. The rectus abdominis was divided at the midline to expose the xiphoid process. The rectus abdominis insertion to the xiphoid process was detached by an electric knife. After that, we could find the infrasternal angle which is formed by the xiphoid process and the subcostal margin (Photo 2 A, arrow). The right side pleural cavity was opened by finger dissection via the infrasternal angle above the level of the diaphragm. A wound protector and a 5-mm 30-degree rigid endoscope (Karl-Storz Hopkins II Laparoscope) were used. Wedge resections of blebs by endocutters (Echelon Flex Powered Endopath Stapler) and abrasion pleurodesis were performed (Photo 3 A). An identical surgical procedure was performed to enter the left side chest cavity from the same subxiphoid incision (Photo 3 B). After surgery, two 20 Fr chest tubes were placed via the subxiphoid incision, with one to the right side and one to the left side chest cavity (Photo 2 B). The patient tolerated the whole procedure well, with only an occasional ventricular premature complex noted when performing the left side procedure. Chest tubes were removed on postoperative day 3 and the patient was discharged uneventfully.
Discussion
Single-incision VATS has been proposed as an al ternative approach for thoracic diseases since 2004 [3] . 
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Although the history of single-incision VATS is less than a decade, more and more thoracic surgeons are interested in its benefit of reducing postoperative pain, better cosmesis, and a more natural angle of view for the surgical site [4] . For PSP, conventional two-or three-incision VATS has been performed widely as a standard procedure. However, Sihoe et al. reported that 52.9% of patients who had conventional multiple-port VATS for PSP complained of chest wall paresthesia which may be attributed to torquing of the camera or instruments in the ports during surgery [5] . To ameliorate the postoperative paresthesia, Rocco et al. proposed a uniportal VATS technique for PSP in 2005 and concluded that postoperative pain and paresthesia in uniportal VATS were lower than those in three-port VATS [3] . Salati et al., in 2008, also corroborated that uniportal VATS offered both lowered postoperative pain and reduced medical costs compared to the traditional three-port VATS technique for treating PSP [6] . Nevertheless, with the single-incision technique, the rate of postoperative pain and chest wall paresthesia might be lowered but still unavoidable. Furthermore, a contralateral recurrence may occur in up to 25% to 40% of patients with PSP [7] . A single-stage bilateral VATS may be indicated in selected patients to prevent contralateral recurrence [8] . In contrast to bilateral chest wall incisions, the subxiphoid single-incision technique, sparing one incision, may be more welcomed. The potential benefits of the subxiphoid single-incision VATS technique for bilateral simultaneous PSP or PSP with contralateral recurrence may lie in two aspects: First, lowering postoperative pain and avoidance of chest wall paresthesia could be expected since there would be only one incision and the working space is away from the intercostal space. The injury to the intercostal nerve would be minimized. Second, the operation time would be shortened because there would be no need to reposition the patient when performing surgery on the contralateral side, and only a small utility incision needs to be closed at the end of surgery. However, this technique may have the following weaknesses: First, the subxiphoid route creates a caudal-cranial, anterior-posterior axis of view from the lower mediastinum of the chest cavity. Good traction would be needed to examine the lesions of the posterior aspect of the lung. Second, entering the left side chest cavity would compress the heart. Intraoperative arrhythmia would thus be encountered when inserting instruments into the left side chest cavity. Fortunately, most blebs or bulla in PSP were found in the apex of the upper lobe or superior segment of the lower lobe. These locations can be easily seen and approached via the subxiphoid technique. Additionally, patients with PSP are mostly slim and young, with a robust and normal size of the heart. The heart could be less compressed, and intraoperative arrhythmia, even if it occurred, might be better tolerated by these young and otherwise healthy patients.
To strengthen the weakness of the subxiphoid approach, operators would need to pass the learning curve required for the single-incision thoracoscopic technique. Good cooperation between an operator and assistants is a prerequisite to conquer the difficulties of single-incision VATS such as crowding and limited maneuverability of instruments. The use of specially designed long-curved with double-hinged instruments is a must for the development of this procedure. A thoracoscope which can provide a variable range of view could also help to examine the posterior aspect of the lung, especially posterior mediastinal lesions.
Conclusions
Overall, subxiphoid single-incision VATS may emerge as an alternative approach in patients with bilateral pulmonary lesions, especially indicated for treatment of simultaneous or contralateral recurrence PSP.
